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■INTRODUCTION
Fear conditioning is one of the learning and memory
in emotion. Conditional stimulus (CS) is usually
associated with the accompanying unconditional
stimulus (US) such as electrical shock, so-called
Pavlovian fear conditioning. Such conditioning was
usually trained and tested in a small Skinner box, in
which the electrical shock was applied on the whole
floor. This means that the animal cannot avoid the
electrical shock, and then he shows freezing coping. A
factor of avoidable or unavoidable situation is one of
the essential factors in fear emotion. Here we
expanded a Skinner box to more wide open field, in
which the electrical shock was applied in the limited
area. Only coping to avoid the shock is that the animal
does not enter again in the dangerous area. We study
effects of amygdala lesion to the place-fear association
task.
Acquisition and expression of classical fear
conditioning are associated with the amygdala (Muller
et al., 19971); Sananes and Davis, 19922)). Lesions of the
lateral and basolateral nucleus (BL-AM) induced
deficits of acquisition and retention of the fear
memory, and the central nucleus of the amygdala (Ce-
AM) induced the deficits of the fear expression to the
behavior and autonomic responses (Davis et al., 19933);
Kaada, 19724); LeDoux, 19955)). Although these results
were supported by many lesion studies, there is still
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Summary
Fear conditioning associated with electrical shock is one of the learning and memory in
emotion. Such conditioning was usually trained and tested in a Skinner box, in which the
electrical shock was applied on its whole floor. This means that the animal cannot avoid the
electrical shock, and then he shows freezing. Here, we developed a fear conditioning task which
the electrical shock is applied on a certain location in an open field. The animal received an
electrical shock when he entered in a quarter of the square open field. The animal can learn
easily the place-fear association that a certain dangerous area was avoided in the open field. Rat
amygdala was lesioned to study contribution of fear emotion in the conditioned place avoidance.
Ibotenic acid lesion of the central or lateral/basolateral nuclei induced revisiting in the shocked
arena during conditioning. Avoidance of electrical shock during conditioning was partially
possible even in the lesioned animals. Place-fear memory was impaired by central or lateral/
basolateral lesions of the amygdala before and after conditioning. This suggests that the
amygdala plays an important role of learning/memory in the place−fear association.
要 旨
電気ショックと連合した恐怖条件づけは，情動が関係した学習記憶のひとつである。恐怖条件づけ
は，通常，スキナー箱を用いて訓練されるが，スキナー箱では電気ショックを回避することができず，
動物はフリージングを示す。本研究では動物がオープンフィールドの特定の領域に入ったときのみ電気
ショックを受ける装置を作製し，場所－恐怖条件づけにおける扁桃体の影響を調べた。その結果，ラッ
トは容易にショック領域を回避する課題を学習できた。扁桃体をイボテン酸により傷害すると，訓練後
の試験では，場所－恐怖関連の記憶は，扁桃体を傷害されたラットで有意に減弱された。この結果は，
扁桃体が場所－恐怖条件づけの情動記憶学習に関与することを示唆する。
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No light
discussions for CS-UCS association learning in the
amygdala. McGaugh and colleagues reported that BL
lesioned rat can learn to avoid a compartment in
which shock was delivered (McGaugh et al. 19936)).
Maren also suggested these rats performed contextual
fear conditioning (Maren et al., 19997)). These two
reports included tests of environmental effects in the
Skinner box in which the electrical shock was applied.
Behavioral changes to the environment is related to
the hippocampus (Cimadevilla et al., 20008); Richmond
et al., 19999), Loureiro M. et al., 201210)).
Here, we study contribution of the amygdala in the
place-fear conditioning in the open field, in particular,
to study fear learning process during the conditioning.
■METHODS
Animals Adult male Wistar (250g) rats (n=40) were
used in this study. Experiments were performed in
accordance with the rules of Guidelines for the Care
and Use of Laboratory Animals at the University of
Toyama, and all experimental procedures were
approved by our institutional committee for experi-
mental animal ethics. Animals were housed individu-
ally under a 12h light/dark cycle with ad libitum food
and water in a controlled environment (22℃).
Surgery Surgery was performed under sodium pen-
tobarbital (50 mg/kg, i.p.) anesthesia. Atropine methyl-
bromide (0.2 mg/kg, i.p.) was given to reduce respira-
tory tract secretion. The animals were mounting a
screw made by the dental cement to fix a lamp
identified his location by the camera.
Lesions Ibotenic acid (Sigma Chemical, 6µg/µl in
phosphate buffered saline (pH=7.4)) was used to
produce lesions of the central nucleus (Ce) or lateral
and basolateral nucleus (BL) of the amygdala. The
ibotenic acid was back filled into a 28-gauge needle
connected, via water filled polyethylene tubing, to a 10
µl Hamilton microsyringe. The cannulae were
sterotaxically placed into the Ce (coordinates from
bregma: AP=2.56-2.80 mm; ML=4.2 mm; DV=7.6 mm)
and BL (coordinates from bregma: AP=2.8-3.0 mm; ML
=5.0 mm; DV=7.2 mm). Ibotenic acid was injected (1.0
µl over 5 min) into the amygdala using a syringe pump
(Model-100, Kd Scientific). The needle was kept in
place for an additiona l5 min after injection allowing
continued diffusion from the needle tip. Animals in the
sham lesion group underwent an identical procedure
except that no ibotenic acid was injected.
Apparatus The testing box consisted of a large
chamber (60 x 60 x 30 cm) with a black wall. The flour
is made by stainless rods spacing 1.5 cm to apply an
electrical shock. Four electric lamps were installed on
the ceiling of the enclosure as environmental cues. A
miniature light bulb was attached to the cable
connector on the rat’s head. The signal from the light
bulb was used to track the rat’s movements with a
special video camera (CT-10, Toyo Sangyo, Toyama)
that converted the video image to a 2-valued signal
with a resolution of 320points on the X axis and 256
points on the Y axis. The center of mass of the light
signal (from the rat’s head) was calculated and the
coordinates transferred to a microcomputer at a
sampling rate of 1 Hz for 3 hrs. The camera was
placed 180 cm above the box resulting in a 0.5 cm
resolution. The foot shock was generated by a 0.6 mA
Fig. 1 Experimental designs
(1) Control phase. Accommodation before conditioning. No ceiling lamp. (2) Conditioning phase (1st day). The animal was
received electrical shock of 0.6 mA when he entered in the NW (North West) shocked area. The area was guided by the
ceiling lamp of NW direction. (3) Conditioning phase (2nd day). The shocked area was moved to the NE corner. (4) Test
phase (1st day). The ceiling lamp was moved to SE direction, in which the shock was not applied. (5) Test phase (2nd day).
Guided ceiling lamp was set to SW direction.
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current applied to the stainless steel arrays by a
scrambled shock generator (MSG-001, Toyo Sangyo,
Toyama). An electrical shock was delivered when the
rat entered a quarter corner delimited by a program.
Behavioral procedure On the first day, each animal
was moved to the experimental room and was placed
in the open field for 3 hr to habituate in the dark
environment. On the second day, the animal was
trained in the conditioning situation associated with
electrical shock at the shocked location for 3 hrs. The
bulb at the ceiling was turned on, corresponding to the
certain corner. In the following day, the conditioned
training was repeated at the next corner. In the next
two days, trace of the animals was measured at the
different rotated corner without the electrical shock.
The shock area was rotated each session at the
conditioning phase and testing phase. The initial
starting point was set to the opposite corner to the
corresponding ceiling lamp.
Analysis Data stored in computer was analyzed off-
line to measure the following parameters: traveling
distance, count acquired the shock, ratio of section
occupied by trace in the open field, count defined to be
times of location change more than1cm at a sampling
of 1 Hz. Analysis of variance (ANOVA) was used for
these experiments. For all tests, a p value <0.01 was
considered to indicate statistical significance.
■RESULTS
Behavioral characteristics of intact animals
Fig. 2A shows an example of the trace in the open
field for 3 hrs in the control group. The animal moved
over the open field in the accommodation first day
without electrical shock and ceiling lamp. Fig. 3 shows
Fig. 2 Place-fear association task.
(A) An example of the trace in the open field for 3 hrs in the control phase. The animal moved over the open field
with no electrical shock and no ceiling lamp. Conditioning 1, 2. In the first day of conditioning phase, the animal was
received electrical shock. The animal rotated into the limited area almost over the period. In the test session, the
animal avoided the arena where they were shocked before. (B) Exploration patterns of the animal that the BL was
lesioned after conditioning. After lesions, the animal visited to the shocked area that was previously memorized. (C)
Exploration patterns in BL-lesioned animal before training. The animal could not memorize the shocked area. BL-
lesioned animal could avoid apparently electrical shock during conditioning. In the test phase, however, the animal
explored over the open field.
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the traveling distance and traveling section area to its
whole open field in the control condition. The traveling
distance was 14000±7000cm (n=5) and traveling area
was 0.70±0.08 (n=5) for 3 hrs. In the conditioning
phase, the animal was entered in the opposite corner
to the shocked arena. In the example case, the animal
initially moved along the wall, and received two
electrical shock. In some traveling, the animal passed
quickly in the shocked arena, because the electrical
shock was set to apply so that the animal had to stay
in the shocked area for 3 sec. He spent in a safety zone
in most time. The traveling distance and traveling
area were decreased compared to the control phase
(traveling distance: 6500±2200 cm, p<0.001, traveling
area: 0.34±0.12, p<0.001). In the second day of the
conditioning, he acquired one electrical shock in early
phase of the trial. After that, the animal moved in the
safety zone and avoid clearly to the shocked arena.
The acquired shock was decreased significantly by the
training (p<0.001) (Fig. 4D). The animal stayed in the
limited location as shown in Fig. 2 conditioning 2nd
day. The other examples of traveling trace in the
conditioning are shown in conditioning of Fig. 2B. The
testing phase the animal behavior was restricted at
the safety area in the accompanying corner. Best
solution to avoid the shock was staying in the limited
area at the corner. (Fig. 2A, test day 1) The animal
rotated around the center of body. Note that we
measured its head by lead lamp. In the following test
phase, he remembered this situations and searched
slightly over the stationary point. The section of the
traveling area was 0.20±0.05 and 0.3±0.1 in the first
session and the second session of the test phase,
respectively. Traveling distance in the first day of the
test phase was decreased to the second day of the
conditioning phase.
Effects of BL-AM and Ce-AM lesions
An example of exploration patterns of the animal
that the BL was lesioned after conditioning was shown
in Fig. 2B. The traveling trace was covered over the
whole open field in the testing phase after lesions. The
traveling distance was increased significantly ,
compared with that in the conditioning phase (p<0.001,
Fig. 3A). In the following second day, the trace was
similar to that of control. The lesion of the BL-AM was
carried out before the conditioning. The movement
activity was not changed by the lesion (Fig. 2C, pre-
training phase; light dotted bar in Fig. 3A). In the
condioning training phase, the animal received more
frequently the electrical shock compared with the
intact animals (Fig. 4D). The movement activity was
continued over the measured duration as shown in
Fig. 4B. The mean number of shock acquired was
increased (p<0.01, Fig. 4D). In the second day of the
conditioning, the shocked number of Ce lesion was
decreased (2.4±1.3, p<0.01). Only shock was received
early phase in the conditioning. After acquisition of the
shock, the animal did not access the open field.
The traveling distance and the traveling area were
not different so much compared with these of intact
animals (Fig. 3). Also, the number of shock did not
change in the pre-training lesioned animals. In the
testing phase, the animals lesioned showed high score
as well as pre-training animals, which reflected
memory deficit in lesioned animals (Fig. 3B). Mean-
while, the intact animals showed low score reflecting
Fig. 3 Travelling distance and area.
Travelling distance expresses absolute distance of the
movement during conditioning and test session. Travelling
area shows the percentage of visiting area in all field. Both
parameters express high anamnesis if the counts are low.
Control pups maintain memory of space-fear association in
test session. However, the counts of BL/Ce lesion pups
return to almost pre-training level showing deficit of space
-fear association memory.
Toyama Medical Journal Vol. 23 No. 1 201210
AB
C
a
b
a
b
a
b
Control
BL-AM lesion
Ce-AM lesion
day 1
day 2
day 1
day 2
day 1
day 2
1 2 3 hrs
Conditioning, day 1
Conditioning, day 2
Control Pre-training Ce lesion Pre-training BL lesion
0
2
4
6
8
10
12
14
16
Shock counts / 3hrs
n.s.
p<0.01
n.s.
p<0.01
D
memory integrity (Fig. 3B).
■DISCUSSIONS
Characteristics of our task
In our open field, the electrical shock was applied
only in a limited location, not a whole area. This is a
kind of place learning so that the animal must avoid a
location guided by a external cue lamp. The animal
can perform this avoidance behavior without some
internal cues such as smell, irregular wall color and
feces. If our task is a pure spatial task, the avoidance
behavior could not be impaired by the amygdala
lesions, since the hippocampus might be contributed in
the spatial learning. However, our lesion study shows
an impairement of avoidance behavior, indicating that
the amygdala is essential to carry out this task.
Drive motivation in the avoidance open−field
This task includes two drives to move, approach to
the shock area and avoidance from the shock area.
What kinds of drive is affected by the amygdala
lesion? The animal has a characteristic to search the
open field and also move the body. This induced trace
covering in the open field in the control. The animal
move actively every one or two hours. This is the
approach drive to enter shock area. On the other hand,
the animal want to avoid the shock area because he
receives the electrical shock when he entered in it. In
our experiment we did not use any positive drive such
as food pellet to force to move in the open field. This
means that the approach motivation did not change
across the amygdala lesion. Thus the lesion might
change avoidance motivation.
Fig. 4 Counts of electrical shock during conditioning in pre-training lesioned animals.
Shocked count was increased at the first day of the conditioning phase in the BL pre-training lesioned animal. Open
bar, count in the conditioning phase (1). Hatched bar, count in the conditioning phase (2). The counts of serial
electronic shocks during conditioning are shown in Fig. 4 (A, B, C). There is a significant difference between the
count of control and that of Ce-lesioned in day 2, as is a significant difference present between the count of cntrol and
that of BL-lesioned pups in day 1 during cnditioning. In any case, day 2 count was lower than that of day1reflecting
an effect of the oblivion.
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Factors of place learning
Our learning task was constructed to study
association with fear learning and place learning. The
certain place is associated with electrical shock, that is
correlated with the fear sensation. In the training, the
animal remembered a meaning of the place and light
location, and could avoid the place after several
applications of electrical shock. In the following day,
the shock area was changed to the next quarter of the
open field. He again got a few electrical shock at the
shock area. However, the number of shock acquired
was less than that in the first day.
In our task, we can measure a learning score during
the conditioned training phase . The classical
conditioning using electrical shock as un-conditioned
stimulus is essentially unavoidable training (LeDoux,
19955); Davis et al; 19933), 199411)). The animal was
forced to apply the several electrical shock and then
he learned the association with conditioned stimulus
and unconditioned stimulus. However our task
indicated process in the conditioning in the open field.
In the place learning, the external marker is needed to
navigate the location in the open field (Morris et
al.,198212); O’Keefe and Nadel, 197613); O’Keefe and
Dostrovsky, 197114)). The external light in the ceiling
position is worked as external cue, and the cue was
moved according the sessions. The animal probably
used it as a navigator to avoid the shock area. If the
shock area was not changed by session, the animal
recognized a specific location as a dangerous place.
This means that the animal did not utilize the spatial
information to avoid the shock area. Therefore, we
apply a movable external cue to navigate the shock
area.
Learning of contextual cues
The fear learning includes two component in
learning (Muller et al., 19971); Phillip and LeDoux,
199215)). Firstly, the animal learned meaning of the
conditioned cue that was associated with the electrical
shock. This cue-related association of fear is related to
the amygdala. The amygdala lesions indicates a deficit
of the fear learning. In particular, the central nucleus
of the amygdala induces a deficit of the fear
expression that means the output of the emotional
behavior such as freezing, startle potentiation, humoral
variation and autonomic variance (LeDoux, 19955);
Davis et al., 19933); Campeau and Davis, 199516)). The
lateral and basolateral nucleus lesions induces a deficit
of fear memory and fear learning (Sananes and Davis,
19922)). Our experimental data showed that the
avoidance of shock area is impossible to proceed after
Ce-AM and BL lesions. Secondly, the animals can learn
a circumstance that he received the unconditioned
stimulus. In our case the situation is a location of shock
area that is coupled with the external lamp. The
learning is called to be a context-related fear learning.
This learning is destructed by lesion of the
hippocampus. The hippocampus is related space or
location memory, and statial navigation (O’Keefe and
Nadel, 197813)). The lesioned animals cannot remember
the location of the previously safety location in the
Morris water maze. Also the lesioned animals cannot
remember the rewarded areas that was obtained
previously in the eight-maze. Context-related memory
is involved a circumstance that he received the
aversive stimulus. The animal shows a freezing
behavior by entering only in the skinner box in spite
of no electrical shock after training. The context-
related fear is related to the hippocampus. Our task
includes a prior meaning of spatial location of the
shock area that is changed session by session.
Bures et al. developed a similar behavioral paradigm
of place-electrical shock association for quite different
study (Bures et al., 200917)). Their circular open field
with steel rods is rotated to avoid identification of
internal location such as smell. Using this instrument,
they showed the hippocampal function in spatial
learning by lesion studies. Also, amygdala lesions
induced some deficits of place-fear association in spatial
learning by predator odor. (Galliot E et al. 201018))
Learning of place−fear association
Our second conclusion of the experiment is that the
lesioned animal can perform electrical shock avoidance
during the conditioning training. There is few studies
of stimulus-fear association in the Skinner box during
the training. Most cases of studies in freezing behavior
are ignored its observation of freezing in the Skinner
box, or shows continuous freezing behavior during the
conditioning training. Because freezing is only coping
in unavoidable environment. In natural state, it is
normal to avoid a dangerous stimulus as a coping
behavior, after several experience of freezing. It is
interest in such behavior and fear learning under
avoidable environment.
In the present study, we shows the amygdala
Toyama Medical Journal Vol. 23 No. 1 201212
contribution in place-fear learning by lesion studies
with the instrument which controls shocked arena.
Further studies will be needed to clarify a contribution
of hippocampus in this place-fear task.
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